The present study was undertaken to evaluate advanced generation potato clones comprised 183 genotypes obtained from true potato seed, for early bulking towards high yields and associated characters for development of new varieties and selection of promising lines for different traits using augmented design. This approach provides a very efficient means of screening test entries with replicated controls, at early stages of breeding when propagating material is restricted. Based on the analysis H23 was identified to have a significantly larger number of leaves per stem. Number of stems per plant was observed to be significantly high in H14, H172 and H175. Significantly, lesser undersized tubers were observed for lines H98, H167, H28, H54 and H34. The lines H37 and H162 were identified to be significantly superior giving a marketable yield of more than 1.16 kg/ plant. These lines with significantly high yield are considered for release as varieties after conducting replicated evaluation and based on the desirable characters may be suitably considered as parents in succeeding crossing programmes.
Potato has emerged as an important crop, in perspective as a future crop for resolving global food security and poverty alleviation in face of the increasing world population. It is the top staple food in the world and the most important non-grain crop for human consumption. The potato's simplicity of cultivation and wide adoption has made it a valuable cash crop for millions of farmers. India is the second largest producer of potato in the world after China. Its area, production and productivity in India have increased over last six decades by 8.5, 29.4 and 3.5 times, respectively. However, with the rapidly increasing population the country faces multiple challenges in near future with regard to potato production and yield. An increase in demand of potato at the rate of 3.2% ACGR (Average Compound Growth Rate) amounting to an estimated, 125 m tonnes is projected in 2050, with the production in recent years approximately 45 m tonne (CPRI, 2015) . However, in view of the more or less reducing cultivable land resource in the country, the problem of food security looms at large demanding rigorous efforts in direction of increasing the productivity of the crop. In the present scenario, it becomes pertinent to develop high yielding potato varieties, so as to enable higher productivity per unit area in the country.
In the early stages of a potato breeding program, a plant breeder is faced with the evaluation of performance of large numbers of potato genotypes, with limited seed material, without replicating the trial. The augmented design, proposed by Federer in as early as 1956 and Federer and Raghavrao in 1975 (Federer, 1956 , 1961 Federer and Raghavarao, 1975) deals with this type of limitation, which allow the adjustment of the test line (new treatment) means for environmental effects (blocks, lines, or columns) estimated on the basis of repeated check genotypes. Augmented design allows for in depth study of the unreplicated entries using validated comparison with replicated controls for not only yield but also other associated character as desirable. The results of augmented design may be used in several ways as desired for not only evaluation but also for germplasm screening (IPGRI, 2001) . It is also being used in conjunction with QTL mapping (Federer and Crossa, 2012) . In the present study Augmented design was used to carry out a methodical statistical evaluation and selection of genotypes belonging to third clonal generation of a breeding programme for developing high-bulking early varieties of potato for north-western plains of India and simultaneously for identifying superior breeding lines, which can be directly used or may serve as potential donors for various yield related characters.
The material in the present study comprised of 183 advanced generation clones of the potato along with 3 controls (Kufri Khyati, Kufri Pukhraj and advanced hybrid J.95-227) planted in an augmented design (Federer 1956 ) (design generated using IASRI design resources server http://www.iasri.res.in/design/Augmented%20Desi gns/home.htm) for yield and its attributing characters during Rabi 2013 at the experimental farm of Central Potato Research Station, Jalandhar, Punjab, India. The mean annual temperature during the period was 15.28º C and the mean annual rainfall was 19.06 mm. The clones and controls were planted in an augmented design 295 DOI: 10.5958/0975-928X.2017.00043.6 comprising 5 blocks of 43 entries each except 5 th block comprising of 41 entries, each control was replicated twice in each block. Seed size tubers (15 nos) of each genotype were planted in a plot size of 18 m 2 ridge and furrow with spacing of 60 cm between rows and 20 cm between plants. All standard agronomic practices recommended for the region were followed for the potato crop.
Agronomic characters namely plant height (cm), number of stems/plant, number of leaves/stem, leaf angle (degrees) and tuber characters namely number of tubers per plant, Number of marketable tubers/plant, number of undersized tubers/ plant, Average yield of tubers/ plant, average marketable yield per plant and average undersize yield/ plant. Agronomic characters were recorded at 45 days after planting and tuber characters were recorded at harvest at 90 days after planting (Haulm cutting at 75 days after planting). The recorded data was subjected to statistical analysis to work out variance and contrast analysis of test and control treatments and critical differences for performing treatment comparisons in augmented design using online IP authenticated statistical analysis tool for augmented designs at http://www.iasri.res.in/ sscnars/ (Rathore et al., 2004) .
The augmented design is advocated as an important method for identification of promising breeding and superior lines in crop plants. It was used in potato to evaluate and select true seed lines of potato. Because of the ease of use and its ability to investigate environmental variation, the design was suggested for use in early stages of potato breeding programmes. In the present study the coefficient of variation in the test lines depicted a large variation among the clones with more than 15 per cent variation present in number of stems per plant, plant height, number of tubers per plant, number of marketable tubers per plant, yield of tubers per plant and yield of marketable tubers per plant. While more than 40 per cent coefficient of variation was observed in number of undersize tubers per plant and yield of undersize tubers per plant. Leaf angle and number of leaves per stem showed low coefficient of variation (Table 1) . The presence of high coefficient of variability are indicative of larger scope of selection negative/ positive for these traits in the clonal population. Whereas more variability is to be generated for characters having low variability either through changes in gene constellation by hybridization or modern biotechnological tools.
The coefficient of determination (R 2 ) which is equivalent to the square of correlation coefficient revealed high correlation between the unadjusted and adjusted means. This implies the minimum effects of heterogeneity in the experiment.
The contrast analysis (Table 2 ) among the controls, tests and tests versus control revealed that among that controls significant difference existed only for the number of economically sized tubers, this however did not reflect in the comparison of yields of the controls used, thus implying an overall uniformity among the controls used in the experiment. The effects of the checks have generally been considered fixed in plant breeding as they are generally standard released varieties (Santos et al., 2002) . Soil heterogeneity was low and therefore favorable for carrying out a valid selection. Significant differences were observed for Number of leaves/ stem, Number of stems, Number of tubers and marketable yield per plant. Whereas, non significant differences were observed for the other characters leaf angle, Number of marketable tubers , Number of undersized tubers, Plant height, Yield per plant, Yield of marketable tubers/ plant and yield of undersized tubers/ plant. The total number of tubers per plant were counted and significant differences were observed. Lines H21, H81 produced significantly larger number of tubers, whereas H98, control Kufri Khyati and H119 produced significantly lesser number of tubers. The number of tubers is not a very good indicative of economic importance of the line.
Rather it becomes imperative to partition the total number of tubers into tubers of marketable importance referred to as marketable size and nonmarketable as the undersize tubers. These would then reflect the exact economic importance of the lines with respect to selection.
The number of tubers having average diameter below 3 cm were considered to be non-marketable and not acceptable by the consumers. It therefore becomes an important trait of interest for the breeders. Uniform and large sized tubers are a consumers preference and it reflects genetic architecture of the plant where proper partitioning of the assimilates to the formed tubers occurs. Contrarily, a plant forms several tubers where some of them become oversized and the rest remain undersized and of no economic importance. In the study significant differences were observed for the lines showing significantly larger number of undersize tubers. All the three controls were observed to be having significantly lowest number of undersize tubers. This is one of the most noteworthy observations of the study and makes an indicative towards the physiology and genetic makeup of the plants which provides for the proper portioning of the assimilates, ensuring minimum number of undersized tubers and assuring higher yields. Significantly, lesser undersized tubers were also observed for lines H98, H167, H28, H54 and H34. Whereas lines H73 and H58 were observed to yield larger number of undersize tubers. These lines may be considered for use in development of speciality baby potatoes.
The character marketable yield per plant was observed to show significant differences and is of immense economic importance. It is relevant with respect to consumer preference and ease of processing into food products (Asghari-Zakaria, Fathi, and Hasan-Panah, 2006) . Whereas mostly all the lines were at par to the control in regard to this trait Line H37 was observed to be significantly superior giving a yield of approximately 1.167 kg/ plant, followed by line H162 which which gave a yield of 1.163 kg/plant. The lines H22 and H131 were observed to be significantly inferior in regard to the yield of marketable tubers.
In breeding field crops, the ultimate goal is to improve yield as compared to contemporary released varieties, including other important traits of interest like resistance etc. This study analyzed the agro-morphological characters and yield of potato genotypes under irrigated condition. It has been well established that selection for yield per se not be effective as yield is a function of various plant characters and therefore, genes for yield per se may be absent but genes may be present for its components. Evaluation of yield contributing characters using augmented design offers a systematic way of carrying out selection where such positive relationships can be easily worked out.The most significant observations arise that yield may not be correlated to the number of stems but to the proper partitioning of the assimilates, which is based on the observation of significantly lesser number of stems recorded for established control varieties of the region. Also that the uniformity of tuber size or the lesser number of undersize tubers also affect yield per se. The study for evaluation of advanced breeding using augmented design of large number, to identify superior lines for various traits, it may be utilized to carry out effective selection as compared to the visual and yield data based selections, routinely followed in crop improvement programmes worldwide. However, the morphometric traits are also important for assessment of a potato variety in terms of its shape, size, depth of eyes etc. Therefore, augmented design used in conjunction with breeders sense of selection may be useful in making rapid strides in carrying out effective selection, in potato breeding programmes. 
